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Abstract: A method haj been developed which allows for the lar^e scale preparation of

bjarylmeihancs. This method involves the initial formation of blarylmeihanols via reaction of aryl

Grlgnards with carbony) compounds followed by a .subsequent reduction with lodotrimeihyisllanc

(TMSI). A number of Improvements over existing literature procedures are reported as well as

previously unobserved dimerizations. Studies reveal that as few as 3 equiv of TMSI will give complcus

reduction in most cases where either of the substiiucnis arc not hcteroaromatic. Mono-substituted

allcanols react with TMSI to afford the corresponding iodides. A mechanistic study of the TMSI
reduction is also rcportedr

Tlie development of large scale chemical processes involves addressing issues snch as the cost and

availability of raw materials, throughput (reaction time and concentration), reactor vessel capabilities, and

safety and waste considerations. During the course of the work on S-Upoxygenase inhibitors,* we needed to

develop an efficient route to 2^(4'-fluorobenzyl)thiophene (1) following these guidelines.

Numerous direct benzylation methods such as Fricdel-Crafts benzylations,2 traditional

lithiation/benzylation strategies,^ and Kumada-style Ni°(dppe) couplings'* were successful on small scale. The

utility of these methods on larger scale was lunited by the toxicity of benzyl halides, fiammability of ethereal

solvents or use of halogenated solvents, regiochemical ambiguities and the necessity of using cryogenic

reaction conditions.

Introduction

Fig. i. Disconnection of I
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Certain alternate synthetic strategies involving deoxygcnation of alcohol 25 or reduction of ketone 3<

are also not amenable to large scale preparations (Fig. 1). A more promising approach involving reduction of

biatylmethanol 2 with large excesses (4-6 equiv) of TMSr or diiododimethylsilaneS is outlmed below in

Scheme 1. Tlie two step synthesis consists of coupUng the appropriate aryl Grignard with an aldehyde (or

ketone) at 0 • 20 *C and treatment of the crude adduct with TMSI. inexpensively generated from Nal and

TMSa io CIHaCN.' In most cases, the reductions are complete within a few hours.

Scheme 1

I.Mg THF
2. 0.96 equiv

4-fluorobenzaldehyde

3. NH4CI

(100%)

4.0 eqylv TMSCI.

4.0 equiv Nal, CHaCN fr''''^Tir \

^)

RESULTS

To demonstrate the viability of this two-step protocol as a mild, high yielding, inexpensive, and

scaleabU route to benzylaroroatics, a number of cases were examined (see Table 1). A wide array of

fuQctionalities previously unexplored in this reduction were tolerated even though TMSI Is a powerful

reductant, electrophile and Lewis acid.io Oxygenated substrates such as arylalkyl ether 23 and nitro

compounds 5 and 7 furnished moderate to high yields of the biarylmethanes. Reductions of nitroalcohols 5

and 7 yielded tars; purification by column chromatography afforded the desired pioducts in yields comparable

to the non-functionalized aromatic emties."." It is worthwhile to note the increase in yield observed when the

nitro-gfoup is removed from conjugation with the reduction center, suggestive of a carbocation-llke transition

state.-"= Furans 10 and 12 also underwent reduction, although a modification of the original procedure was

used to obtain the yields shown. In this modification, the alcohol is added more slowly to a cooled (0 - 10 'O

solution of a larger excess of TMSI (6 equiv). This helps to control dimeiiwtion, which is the msyor side-

reaction observed in the reduction of these compounds (yide «ifra). Benzylfuran 13 and benzylpynole 30

appeared to be sensitive to our isolation and purification conditions, but were stiU isolated in 58% and 56%

yield respectively.

Our studies have revealed a number of functionalities to be incompatible with tiie TMSI reduction. In

addition to tiiose moieties which react wiUi this xtAg<tTA'-»^ we were unable to observe any reduction with

pyridines 25 and 27. Our initial suspicion was tiiat HI, generated during tiw initial reaction of IMSI and tiie

alcohol moiety, was being trapped as ttie pyridine hydroiodide salt. The addition of an extra equivalent of

anhydrous HI however (formed In situ by destroying I equiv of excess TMSI with 0.5 equiv of water) did not

result in any appreciable increase in product observed. Since electron-rlch aromatics such as pyirolc 29

readily undergo reduction, electronic effects are assumed to predominate. Hie inductive electron withdrawing
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Table 1. Biarylmethanes via Tandem Grignard Addition-TMSI Reduction

ArX RR'CO alcohol yield (%)» biarylmethane yield (%)"
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Tabic 1. (confd) Btarylmethanes via Tandem Grignard Addltlon-TMSI Reduction

^ Unless otherwise specified, all yields are tor crude material of greater than 90% purity by GC (purified

yields are usually 5-10% lowei). ^ Isolated yields from reactions run on greater than 2.5 g (product) scale.

All ry\aterials gave satisfactory spectral analysis by NMR, NMR, IR and MS (FAB and/or El). 1-2%

by GC, not Isolated. ^ Crude yield

effect of the pyridine moiety should destabilize the cation-like transition state wc have proposed. This

destabilization would be even more pronounced in the HI salt

The reductions described in Table 1 could be accomplished with as little as 3 equiv of TMSI;

unpurified alcohols necessitated larger amounts of rcductant Greater quantities of this reagent did not lead to

significant increases in yield: higher temperatures and longer reaction times resulted in a yield gain of 5-10%.

Lowering the TMSI concentration below 3 equiv had an extremely deleterious effect on the rate and efficiency

of the reduction. Reductions using 2 equiv did not reach completion even after 10 days; the yield dropped

dramatically as the TMSI concentration was lowered further. Although, these reductions could be

accomplished in a number of solvents (such as CH2CI2, CHCI3 and C^Uel we found CH3CN to be superior.

Attempted extension of this sequence to substrates with only one aromatic ring led to unexpected

results (see Table 2), Thiophene 39 was reduced to 2-butylthiophene 40; similar results on electron rich

tliiophene substituted allcanols were reported by Cava using 6 equiv. of TMSI.''* Our yields with 23 equiv. of

the reagent were lower and small quantities of the corresponding iodide were observed, 4-Fluorobenzyl

alcohol 31 was converted to iodide 32; other researchers have observed similar resuUs7'>-«^'>3 Electron-rich 4-
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Table 2. Reaction of Arylalkanols with TMSl

entry

1

12

- F ^ 32
31

31 5.5

35

39

3S 3.5

8 41

10 43

OH I 44
43

°" 4B
^

45 3 46

alcohol eq.TMSI product y'®'^ (°/»)°

90

32 97

90

37

CW^ 6 80
® OH .

S 40

40 72"

41

3 42 53(82)
0

44 53

• isolated yields of material >95% pure by GC which gave satisfactory anaiysis by H, C. iR.

MS, ^ Small amounts o( the corresponding iodide were observed. * Crude yield of pure

materia! (>90% pure by GC) ^ An addUionai 65% of alcohol 43 was also isolated. Material

formed during woiK-up and waa not present during reaction. * Smafl amounts o« product were

detected by QC.
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methoxybcnzyl alcohol 35 was converted into iodide 36 in 90% yield. No completely reduced toluene

derivatives were observed in the crude reaction mixtures.

Sakai has reported the formation of completely reduced hydrocarbons on exposure of secondary and

tertiary benzyJic alcohols to excess TMSIJb.c in our hands, these conditions led to the exclusive formation of

the iodide; the number of equiv of reagent used, reaction time and temperature did not impact the product

distribution. Neopentyl alcohol 43, e case not examined by Sakai, yielded reactive iodide 44 which is highly

susceptible to hydrolysis.

Compounds 41 and 45 afforded similar results. Indeed, attempted reduction of 45 under a variety of

conditions afforded a complex mixture of dimers. trimers and olefmic materials whose formation suggests

decomposition of a putative iodide intermediate. Only a small amount of reduction product was observed; the

complex mixture precluded isolation of this product

DEVELOPMENTOFLargeSCALEOPTiMmEDProcedure

The optimized procedure involves the generation of the aryl Grignard reagent instead of the aryl

lithium avoiding a number of significant problems: pyrophoric n-BuLi can be a considerable &e haxard

especiaUy when used at high concentrations (lOM)- The cryogenic reaction conditions typical of many

dcproionations and Uthlura-halogen exchanges can be difficult to achieve on large sf«4e-»*

Scheme Z

4

4-fluonD-

benz«il<?ehyde

TMSl
CHaCN

O OH

OH O

TM8I,
CHsCN

SlighUy less than one equivalent of the aldehyde is subsequently added to the Grignard between 0 -

»C. In general, the formation of the "intermediate" caibinol proceeds in high yields (>90%) affording cn
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p^ducts of acceptable purity (>90%). This addition protocol is necessary in cases where aromauc aldehydes

ate employed due to the compeUdve formation of ketone derivatives by a crossed Cannizarro-type process.'^

In only two cases, 7 and 23. did the level of ketone formaUon necessitate purification at this suge (greater than

10%). The formation of these ketone impurities is rapid enough that bisadducts such as 33 are foraied and

can be isolated as well.

The formation of biarvlketones (e.g. 3) is not in itself a significant problem as these compounds remain

unchanged through the reduction step. However, the Cannlzraro process which produces U»ese ketone

derivatives also furnishes an equal level of arylmeti,anois such as 31 (see Scheme 2). Exposure of these

primary benzylic alcohols in the crude alcohols lo TMSI leads to the formation of toxic and lachrymatory

benzyl iodides. complicaUng the isolation of ti« desired biarylmethane products. The fonnation of reduced

bis-adducts (34) can be observed as well.

Residual traces of solvent are removed by distillation under reduced pressure foUowed by azeotropmg

withCHB^ This is necessary as hotiitetrahydrofunn and ethyl acetate react with

"""pN'^^^'re
crude product alcohol in CH3CN Is added slowly to a cooled (0 - 20 'O solution ofTMSI in CHaCN.'" Hie

- rate of addition and reaction temperature are crucial to obtaining acceptable yields of product especally m

those cases where one of the aryl groups is a five-membered heterocyele. In these reactions (confounds 2. S,

7, 10, 12, 29), an alternative reaction patiiway can predominate leading to ttie rapid formaUon of dimers of ihc

type 49, presumaWy through cationic intermediate 48 (see Scheme 3)."''»

Scheme 3

OH 2 TMSI (TMS)20 + HI

R^l. 0SiMe3 47

Rapid
AdtOtion"

48

"Slow
Addition"

When the rate of addition is too fast or tiie Internal temperature of ti>e reaction rises above 20 «C.

dimerixation l:«comes a significant problem. The problem is obviated by using a larger excess of «^ucU«t

allowing the reaction to proceed more quickly. For e«mple, rapid addition « 1 mm) of alcohol 2 to an
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uncooled solutloa of 3.5 equiv ofTMSl produces almost 60% dimcr 49, while slow addition over an hour to a

0 soltttion of 6 equiv produces only a trace 49.

The dimerization activity of these compounds is not limited to the TMSI reduction. Reaction of 2 with

ethanol and a trace of acid leads to ether 50 at ambient temperature in 36 hours; at 40X th^ reaction is

complete in an hour. Heating the ether furnishes a resinous material containing dimer 49 (see eq. I).

EtOH, cat HaS04,

RT.36hr

(94%)

OEt

(1)

so

ReducUon of thiophene derivatives 2, S, and 7 can be easily accomplished with 4 equiv of TMSI;

furans 10 and 12 produce high levels of dimers (2(M0%) unless six or more equiv are used (see eqs. 2.3).>

Rapid addition of 10 to a solution of TMSI, for example, generates the desired 2-benzy1furan 11 plus dimer

51. Similar exposure of 12 to TMSI yields 3-benzylfuran 13 plus 2.3-subsataied dimer S2 as the major

dimeric species with trace quantities of another dimer and as yei unidentified trime« and polymers. Pyrrole

%9 suffers from a propensity to undergo acid-induced oUgomeritadon during reduction. We have found the

numerous dimeric and trimeric species formed in this reduction to be air- and siUca- sensitive and therefore

difficult to isolate and characterize.

HQ
"Rapid Addition"

11 +

13 * 0)

In non-heterocyclic entries, reduction is not typically accompanied by dimerizatioo and therefore the

temperature at which the reduction is performed is not as critical. In fact, higher temperatures (we have

explored the reduction of benzhydrol 15 at temperatures of up to 50 "O frequently lead to small Increases m

overaU reduction yields as does extending the reaction times.

We have found the published work-up procedures for the TMSI reduction to be impractical for large

scale separaUons. In general, these procedures Involve quenching the reaction with water followed by

muIUple extractions with a suiuble non-polar solvent such as diethyl ether followed by thiosulfate washes to
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remove iodine. In large scale work, we hoped to perfom, all work-up procedures in a single vessel v^ith

minimal solvent In this case. U is necessac^ to ensure that all of the TMSI is destroyed a«td the reSuUmg HI

neutralized prior to the addition of ihlosulfate. Otherwise. HI apparenUy reduces thiosulfate yielding an

intractable yellow solid consisUng of elemental sulftir and a number of uncharacterized sulfur-iodine

containing compounds. Related reductive dimerizalions of sulfoxides and sulfonyl halides are well

documttited.^'^ .

.

Extraction of the desired reduction product from the aqueous layer can be accomplished with a wide

variety of solvents. We have found that non-polar solvents like heptane will cause the formation of a third

layer which consists largely of CTMShO. The use of a more poUr co-solvent, such as ethyl acetate, Induces

the desired separation; (TMS)20 is leadUy removed by distillation under reduced pressure. In ma^y cases,

the biarylmethanes obtained are pure enough to be used in subsequent reactions. Purificauon can be readily

accomplished by vacuum distilUtion or flash chromatography.

MECHANISTIC CONSIDERATIONS OFTHE REDUCTION

In our early efforts to optimize the TMSI reduction, we relied heavily the mechanistic proposals of

other researchers in the field 7b.c. 8^ We were especially interested in these suggestions as the researchei^

typically used a moch larger excess of TMSI for the reductions tiian their mechanistic proposals suggest^

would be necessary. These proposals maintained that reaction of a blarylmethanol with 2.0 equiv ofTM«

would result in the formation of the conesponding iodo-derivatlve. Uberating in the process. 1.0 cqmv of HI

and (TMS)20 (see Scheme 4). Reduction of the iodo-derivativc was then accomplished with HI, yielding

iodine a by-product. This implied that 2.0 equiv of TMSI should be sufficient to completely reduce

biarylmethanols which aie not prone to dimeiization-

Scheme 4

TMSI HI
TMSI

54

CTMS)20

H

b HI 6B
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Hvdriodic acid (HI) is a well known reduciani and has beer. use4 in the reduction of biatyknetbanols as

well as a number of other oxygenated .pecies.«c.« However, reductions with Hljeq^endy «J'^i'"««-e

reaction conditions including high tempecatu«s and prolonged reaction times. We therefore found ,t to be

important to determine the course of the reduction not solely for mechanistic purposes, but to facUtate our

larae-scale optimization efforts as well.
. . ^ , ^ u ^ -^

OurL priority the determination of the fewest number of equiv of TMSI which could be used m

. reduction. Our early efforts to optimize the reduction of 2 met with difficulty due cojtu^

dimerization leading to 49 (s«e Scheme 3). However, once a workable process was foun<J we turned

auenuon to examining this reduction in a case in which this undesired dunerizauon P-^^-^

problem. We chose benzbydrol (15) for these studies since it ha* been previously examined m the IMSI

reduction, as well as a number of other reducUve methods.". »
w j n e .

AS previously mentioned, our initial studies revealed that the yield of this reduction (benibydol IS to

diphenylmethane 16) is greatly dependent upon the number of equiv ofTMSI used in ^^^"^^^.O ^^e Graph

1)22
withfewerthan2.0equivofIMSI.tbeyleWofdiphettylmethaneappxoachesO%.

Above 2.0 equrv of

™S1. the yield of diphenylmethane increases dramatically, reaching a point of ditninshmgremms at 3.0

equiv We also observed in these studies, a strong correlation between the number of e<^uiv of TMSI used, and

I time of reaction. When the amount of™SI used is increased from 2.0 to 3.0 equivjhe ume requu<^to

complete reaction drops rapidly from several days to a few hours. Additional equiv ofIMSI beyond 3X aUo^

the reaction to proceed even more readily; the use of fewer than 2.0 equiv will produce reactions wh.ch wm

not be complete at rt even after several weeks.^^ Although we have not examined this phenomenon with

«»pect to solvents other than CH3CN. these observations suggest that TMSI is involved in the reductive step.

Graph 1. Reduction of Benzhydrol: Yield vs. Equiv of TMSI
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To further elucidate the mechanism of this reduction, we prepared the two "stable" putative

intermediates. silylether53 and Iodide 55. and subjected them to a variety of reactlcjcon*^^^^^^ Srtyled.«

5324 wa., converted rapidly and cleanly to diphenylmethane (16) with 2.0 equiv of TMSI and 1.0 equ.v of HI
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in nearly qtianiiiatlve yield as expecied.?*^^ - The use of TMSI alone yielded only a trace of 16. Exposure of

S3 to excess HI alone afforded the desiied product In moderate yields (30 - 407c) along with small amounts of

56. which results from a Rittcr-type reaction with CH3CN. This acetamidc has not been previously observed

as a by-product in successful TMSI reductions-

CHaCN

55

X
HzO "V^i^ (4)

Although we anticipated that SS** would be cleanly converted to 16 upon treatment with TMSI and

HI. we were surprised to find the reaction to be slower than expected, again yielding 56 as a significant by-

product. Treatment of 55 with TMSI alone affords predominanOy amide 56 with a small trace of 16

observed.2' Sindlar treatment of 55 with 2.0 equiv HI again affords 16, but with significant amounts of

acetamide 56. Although these experiments are not conclusive, they suggest that reduction through an iodide

iniennediate may not be the preferred reaction pathyway.

We performed a series of NMR experiments to gain addiUonal mechanistic information. In these

experiments, we examined the reduction of 15 in CD3CN at rt using 3.0 or more equiv of TMSI from

Nal/TMSCl" and commercial sources. Toluene was used as an internal standard and mass balances

calculated. Although we noticed rapid reaction during the first 15 minutes, much slower changes were

detected after that point. The most striking observation was the nearly instantaneous disappearance of starting

material 15. Within 5 minutes, the entire reaction mass balance could be accounted for by iodide 55 and

product 16 exclusively. No siiyl ether 53 was detected. Subsequent monitoring of these experiments revealed

the slow disappearance of iodide 55 with attendant fonnation of product 16.

A number of renderings of these observations are possible, although we have interpreted this data

along with our experimental evidence to suggest that silyl ether S3 is the penultimate intermediate. If our

assertion is correct, then a number of conclusions can be logically drawn. The electronic effects we have

observed strongly suggest the formation of cation-like character at the site of reduction. Sakai and coworkers

have provided evidence for the existence of a carbonium ion during reduction by demonstrating the

conversion of oplicaUy active alcohols into raccmic hydrocarbons in a related methodology.''** We have

demonsuated that TMSI reductions occur much faster (and at lower temperatures) than corresponding

reductions using HI. We suspect that this is due to the more facile formation of this carbonium ion-like

species from a silyl-activated intermediate such as 54 than the proton-activated alcohol. Its seem reasonable

to suggest that oxophillic TMSI acts as a Lewis acid facilitating ionization (and therefore redcctioi).

This mechanistic proposal, however, does not account for our observation that the use of more ihta 2.0

.^;^^»fTM^>^ in more moid and cleaner reactions. The role played by additional equiv of TMSI is

unclear at prescoL The formation of complexes involving TMSI cannot be discounted and clearly the actual

situation may be considerably more complicated than we have asserted.
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The use of CH3CN as solvent also seems to play a critical role in this reducUon. As mentioned earlier,

these reductions of biarylmethanes can be performed in a number of solvents. However in none of .he5c .s the

reacUon as high yielding or as clean as in CH3CN. Olah and coworkers have performed exteas.ve

examination of the Me3SiCl-NaI-CH3CN and related reagent systems and have, by ^^Si NMR. detected what

they beUeve to be N-silyl nitrilium ions-^' U seems Ukely that these highly reactive species are responsible

for the effecU observed.

CONCLUSION

We have found this two-step benzylation strategy to be simple to accomplish, inexpensive and high-

yielding even on multi-kilo scale. Using our optimized process, we were able to prepare more than 50 kg of 1

in a single batch using two 250 gallon reactor. Cmduding work-up and extraction volumes). Although our

mechanistic proposals fit our initial experimental observations, further research is planned.

EXP£RIMENtAL SECTION

General Procedures, All experiments were performed under a positive pressure of nitrogen with no special

drying precautions. Solvent concentration was accomplished with a Bttchl rotary evaporator at ca. 15 mm Hg

on smaU scale and by vacuum diatiUation otherwise. Rash column chromatography was performed on EM-

Science silica gel (230-400 mesh or 70-230 mesh) using ethyl acetate in hexanes as eluent unless otherwue

specified. Note that some procedures and precautions taken on larger scales are not critical on smaller scales.

In smaller scale experiments, mon. dilute reaction conditions can be employed without slgnificantchange In

yields Of reaction times. QC purities have not been calibrated to an external standard. Except forTHF which

was obtained in anhydrous form, all other reagents were acquired from commercial suppliers and used

unpurlfied.
. . i

Melting points were obtained using a Fiscber-Johns hot-suge melting pomt apparatus and ate

uncorrected. Elemental analyses were performed ln-hou$e. IR spectra were recorded on a Perkin-Elmer

Model 1650 IR- NMR spectra were obtained on a GE QB-300 instrument. Mass spectra were recorded on a

Hewlett-Packard 5971 MS system coupled to a 5790 CC chromatograph (EI) or a Firaiegan Mat SSQ.700

(]0a.NH3).

General Procedure for Large-Scale Grigiuird Formation and Ourboayl AddlUon: Preparation of 0^4'-

fluoropbenyl)-2^iophenemethanol (2): A 22-L, four-necked. round-bottomed flask equipped with a

mechanical stirrer, a 2-L pressure-equalizing addition funnel, two eOO-mm coUed condensors «>d

inlet adapter was charged with magnesium metal turnings (332 g, 13.70 mol. 1 .02 equiv), 5.2 L of THF. and

iodine (0.63 g. 2 mmol), The reaction mixture was heated at reflux until the purple iodine color disappeared

(30 min). To this was added 25 mL of a solution of 2-bromothiophene (1300 mL, 2184 g. 13.40 inol, 1.00

equiv) in 2 6 L of THF. The reaction mixture was heated at reflux until a cloudy gray color formed (30 min).

The mantle was turned off and the remaining 2-bromothlophenemff solution was added at such a rate as to

maintain reflux (about 2 hour*). The solution was then heated to reflux for an additional 3 hours pnor to



AUG 14 2001 11:31 FR CISTI ICIST 613 952 9303 TO 15197533051 P. 15/22

Tandem Grignwd teaction-TMSI mediated redaction 1 1055

cooUng to 10 °C with an ice-water bath. A soluUon of 4-fluorob6Maldehyde (1580 g, 12.73 mol, 0.93 equiv)

in 1.4 L ofTHF was added dropwise at such a rate 10 maintain the internal temperature below 20 (4 b) and

the resultant mixture allowed to warm to rt (22 "C) and stirred for 3 hours. The reaction mixture was

quenched by the addition of a solution ofNH4a (3010 g. 56.3 mol, 4.12 equiv) in 5 L of distilled water while

keeping the internal temperature beiow 40X (about 90 min). After stirring for 2 h. the layers were separated

and the aqueous layer was extracted with 3 L of ethyl acetate (EtOAc). The combined organic layers were

washed with 5 L of distilled water, 3 L of saturated brine solution, and evaporated in vacuo (foUowed by

azeotroping with 1 L of C^sCN) to afford 2652 g (100%) of a dark viscous oU, which solidified upon

standing. OC assay revealed the material to contain approximately 91% alcohol 2. 2.5% ketone 3,30 4% bis-

adduct 33, and \% 2,2'-bithiophenc. It is possible to purify samples of the alcohol by recrystallization from

diethyl ether/hexane.

Alcohol 2: mp 44-46 «C; IR (CDOa) 3595. 3075, 2880. 1603. 1510. 1230 cm'l; NMR (300 MHz,

CDC13) 8: 7.45 (m, 2H), 7.28 (m, IH), 7.03 (m, 2H), 6.95 (tn. IH), 6.85 (xn. IH), 5.97 (d, 3j-4Hi, IH), 3.20

(d, 3ji^H2. IH); 13c NMR (75 MHz , CDCI3) 8: 162.2 (lJcF=246Hz). 147.8, 138.8 (*Jcf=3 Hz), 127.9

(3JCF=9HZ). 126.6, 125.4. 124.8, 115-2 (2Jcf-22Hz). 71.5; MS (DCI, NH3) 191 (100, M-OH), 207 (M+H*).

224 (M + NH4+); Anal Calc'd for Ci 1H9SOF: C, 63.44; H, 4.36; S, 15.39. Found C. 63.49; H 4.43; S, 15.51.

Ketone 3:3<^mp 98-99 "C

General Procedure for the Large Scale ReductigB of Biaiyhnethanols with TMSI: Preparation of 2.(4'.

fluorobcnzyDthlophene (1): "a 50-L, three-necked, round-bottomed flask equipped with a mechanical stirrer,

a thermometer probe, and a nitrogen inlet adapter was charged with Nal (4189 g, 28^01. 4.36«juiv). 1.5 L

of CH3CN, and chlorotrimethylsilane OWSa) (3554 mL, 3042 g, 28.0 mol. 4.36^uiv). The reaction

mixture was stined at rt for 15 min prior to cooling to O «»C with an ice-water bath. A solution of the crude

alcohol 2 (1470 g, 91% pure. 6.42 mol) in 1.5 L ofCH3CN was added slowly via pressure-equalizing addition

funnel over 3.5 h to maintain the reaction temperature below 10 «C. The reaction mixture was^^W to

warm to rt overnight (12 h) and was recooled to 5 "C prior to woric-up. A solution of NaOH (760 g in 5 L of

distUlcd water, 2.96 equiv) was added over 10 min (the internal temperature of the reaction rising to 40 *C

before recooling to rt). The reaction mbtture was stirred for an 5dditienaL43_miiiutts to ensure complete

nSBttallzatiojLi^TJn^^usJ^er). To the stirred soUitlon was added 3,5 L of EtOAc and a solution of

Na2iS203-5H2S°OS^r55^ol, 2.25 equiv) ini5J-,of distilled water and the reSsulting pale brown

mixtui* stirred forTffilje layers were separate<^^ the organic layer was washed with a solution of NaOH

(140 g, 0.50 equiv). Na2S203'5H20 (553.4 g, 0.33 etjuiv) in 4 L of distiUed water. The organic layers were

then separated and stined with 3 L of distiUed water containing 6.5 mL of EtsN (faciUtating removal of 4-

fluorobenzyl iodide 32) for 1 hour prior to the addition of 300 g of NaQ. After a short mixing period, the

layers were separated and the organic layer dried over MgS04. filtered and evaporated in vacuo to afford

1319 g (97%, 93% pure by GC) of 1 as a pale-bfown oU. GC analysis shows the oil to also contain 3.5%

dimcr 49, and a small amount of bis-adduct 34. Pure material can be obtained by high-vacuum disailation.

Overall yield from 4-fluorobenzyaldehyde: 90% undistiUed (adjusted for purity).

2-(4'.fluorobei«yl)thiophene (1):3' bp 1 10-1 15 "C (2 mmHg); IR (fihn) 3042, 2907, 1602, 1308. 1^22 carh

iH NMR (300 MHz. CDCI3) 8: 7.2-7.4 (ra. 3H). 7.05-7.15 (m, 3H), 6.93 (m, IH). 4.23 (s, 2H); ^^C NMR



ftUe M 2001 11:32 FR CISTI ICIST 613 952 9303 Tu 15197533051

1 tnefi E. J. Stoner et al.

P , 1 b/Cd

C75 MHz CDCI3) 6: 161.5 (UcF=245Hz). 143.8. 136.0 eJcF=2Hi). 130.0 (3JCF«8Hx), 126.8. 123.1. 124.0.

115.2 (2JCF= 21Hz). 35.1; MS(ED 192 (JOO. M+). 173. 165, 15$. 147, 133. 109. 97; Anal Calc'd for

C11H9SF: C. 68.72; H, 4.72; S, 16.68. Found C. 68.52;H 4.65: S. 16.73.

Dlmer 49: IR(CDCl3) 3070. 3035. 2920. 1890 (sm). 1760 ($m). 1600. 1505, 1225. 1150 cm-1; iH NMR

(300 MHz, CDCI3) 8: 7.3-7.1 (m, 5H), 7.00-6.85 (m, 5H), 6.78 (appar d. IH), 6.38 (m. 2H). 5.72 (s, IH,

CflArs). 4,03 (s, 2H. CH2Ar2); ^^C NMR a5 MHz . CDCI3) 6: 161.8 (lJcF=245Hz), 161.6 (l-JcF=244Hz).

147 3 1460 143.4. 139.3 (4Jci«3Hz), 133.7 C»'JcF=4Hz), 130.0 (^JcF-^Hz). 129.8 (3"JcF=7Hz), 126.6.

126
0'

125.8, 124.7, 124.6. 1 15.2 (2. 2-JcF»21Hz), 46.9 (CHAr3), 35.5 (£H2Ai2); MS (EI) 382 (M+). 287.

273 (100. -C7H6F), 239. 191 (M+2), 109; MS (DCI. NH3) 191 (M+2), 383 (M+H*), 400 (M+NH4*); Anal

Calc'd for C22H16S2F2: C, 69.09; H. 4.22. Found C. 69.11: H 4.23.

34: Reduced BiS-Adduct 33 (Partial Characterization): IR (CDCI3) 3115. 3070. 3040. 1600. 1505, 1435.

1230. 1155 cm 'h ^H NMR (300 MHz, CDCI3) 8: 7.30-7.15 (in. 4H), 7.0-6.90 (m, 4H), 6.81(m, 2H), 5.85

(s, IH); 13c NMR (75 MHz . CDCI3) 8: 161.9 (»Ja»-247Hz), 147.4. 139.5 (*Jcf«4Hz). 129.9 (^JcP-SHz),

126.6. 126.0, 124.7. 115.3 (2JcF'22Hz). 46.7; MS (ED 274 (M+. 100); MS (DCI, NH3) 274 (M+). 275

(M+H+),292(M+NH4+)-

General Protocol A for Small Scale Formation of Grlgnards and Acylation: o.(4«.Nitrophenyl)-2-

thiophenemethanol (5): A SOO-mL, thi«e-necked, round-bottomed flask equipped with a mechanical stirrer,

a lOO-mL piessure^squaUzing addition fiinnel. a 200-miti coUed condetisor and a nitrogen inlet adapter was

charged with magnesium ntetal turnings (7.68 g. 0.316 mol, 1.02 equW). 120 mL of THF. and approximately

40 mg of iodine. The reaction mixture was heated at reflux until the puiple iodine color disappeared (30 min).

To this was added 1 mL of a soluUon of 2-bromOthiophcne (50.51 g, 0.310 mol. 1.00 equiv) in 60 mL of

THF. Tljc reaction mixture was heated at reflux until a cloudy gray color formed (30 minutes). The mantle

was turned off and the remaining 2.bromothiophenemiF solution was added a such a rate to maintain reflux

(45 minutes). The solution was then heated to reflux for an additional 3 hours prior to cooling to 3 »C with an

ice-water bath. A solution of 4-nitrobenzaldehyde (44.49 g. 0.294 moU 0.95 equiv) in 200 mL ofTHF was

added dropwise at such a rale to maintain the internal temperature below 20 °C (45 min) and the resultant

mixture allowed to warm to room temperature (22 »C) and stir for 3 hours. The reaction mixture was

quenched by the addition of a solution ofNH4CI (58.10 g. 1.09 mol. 3,50 equiv) in 250 mL of distilled water.

After stirring for 1 h, the layers were separated and the aqueous layer was extracted with 250 mL of EtOAc.

The COUibined organic layers were washed with 230 mL of distiUed water. 250 mL of saturated brine solution,

and reduced in vacuo to afford 69.12 g (100 %, 90% purity by GC with 9% ketone derivatives^) of a dark

viscous oil, which solidified upon standing. Samples cati be purified by recrystallizatiOD from EtOAc.

a.(4.Nitrophenyl)-2.thiophencmethaiH>l (S):33 IR(CDCl3) 3600. 3120. 3080, 2870. 1605. 1520, 1343 cm'M

iH NMR (300 MHz, CDCI3) 5: 8.20 (ra, 2H), 7.65 (appar d, 2H). 7.31 (appar dd. IH). 6.94 (m, 2H). 613 (s,

IH). 2.87 (br s. IH); "C NMR (75 UHt , CDCI3) 8: 150.0, 147.3. 146.4. 126.9, 126.8. 126.2. 125.4. 123.6.

.71.2; MS(Da.NH3) 218 (M+-OH).233 (M+).253 (M-KNH4+). 270 (M+NH3+NH4+).
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General Protocol B for the Small Scale Reduction of Blarylmethanols witbTMSI: Preparation of 2.(4'-

nitrobenzyDthlophene ^^l^. three-nocked, round-bottomed flask equipped with a rnechani«a

stirrer, a thermon^ter probe, and . mtrogen inlet adapter was charged with Nal (80^00 g. 0 533 mol. 4.64

equiv) 60 fflL of CH3CN. and chlorotrimethylsilane (TMSCl) (57.91 g. 0.533 mol. 4.64 equiv). The reaction

mixture was stined at rt for 15 miD prior to cooling to 0 »C with an ice-water bath. A solution of the crude

alcohol (5) (30.00 g. 90% pure, 0.1 15 mol. 1.00 equiv) in 30 mL of CH3CN was added slowly via pressure-

equalizing addition funnel over 25 min to maintain the reaction temperature below 10 'C. TUc reaction

mixture was allowed 10 warm to rt quickly and was recooled 10 3 prior to work-«p. A «,luuoa ofNaOH

(16 00 g in 70 mL of distUled water. 3.50 equiv) w., added and thp reaction mixture cooled to rt before 140

ml of ethyl acetate was added. The reaction mixture was stirred for an additional 10 min to ensure complete

neutralization (pH 7 in aqueous layer). The layers were separated, and the aqueous layer extracted w.a» 70 ml

ethyl acetate to dissolve the remaining tarry residue. The combined organic layers were wMhed with a

solution ofNa2S203-5H20 (59.90 g, 2.10 equiv) in 220 mL of dlstlUed water. 100 mL of distiUed water, 100

ni of brine, dried over MgSO*. filtered and induced to afford 21.51 g of a dark, viscous oil Colunm

chromatography afforded 17.22 g (68%. 100% pure by OC) of 6 as a pale reddish oU. Yield from 2-

2^4":;™^^^^^^^
MHz. CDCI3) 8: 8.15 (appar d. 2H). 7.38 (appar d. 2H). 7.18 (appar dd. IH), 6.95 (appar dd IH), 6-83 (m,

IH). 4.25 (s. 2H). ; 13C NMR (75 MHz , CDQs) 8: 147.8. 146.7. 141.4. 129.3, 127.0. 125.9, ^24.6 123.7,

123.0,35.6; MS(DCI,NH3) 237 (M+NH4+). 254 (M*NH3-hNH4+). Anal Calc'd for CaiHsNOjS: C.

60.26-. H. 4.14 : N 6.39; S. 14.62. Found C, 60.37; H. 4.25: N 6.31: S, J4.35.

oK3'-niti-ophenyI)-2.thiophenemethanol (7): 2-Bromothiopheoe (50.40 g. 30.0 mL, 0.310 mol. 1.00 equiv)

«d S-nitrobenzaldehyde (44,50 g. 0.294 mol. 0.95 equiv) were reacted according to general protocol A to

afford6829g (99%) of alcohol 7. GCanalysU showed it to be approximately 68% pure (contammg 21% of

the corresponding ketone).32 Purification by colvmn chromatography afforded 44.87 g of 7 as a pale red soUd

Sol 7: IR(fihn) 3600-3200 (br). 1325. 1350 cm'l; iH NMR (300 MHz, CDCI3) 8: 8.28 (m. IH). 8.(«

(m IH) 7 72 (appar d, IH), 7.47 (appar t, IH). 7.23 (m, IH), 6.90 (m. 2H), 6.10 (s, IH). 3.95 (s. IH); ^-^C

m^is J. CD^lJ. 148.0, 146.7. 145.2, 132.2. 129.1, 126.6, 123.8. 125.1. 122.4 120.9. 70.7; MS

(DaNH3) 218(M*.OH).235(M*).253(M+NH4n 270 (M+NH3+NH4+). Anal Calcd for CiHgNOsS;

C,56.16;H. 3.86; N 5.95; S. 13.63. Found C. 56.37;a 3.93; N 5.95; S. 13.28.

2-(3 -aitrophenyImethyl)thiophene (8): Purified alcohol 7 (3.73 g. 0.016 mol. 1.00 equiv). Nal (9.44 g.

0 063 mol, 4.00 equiv) and TMSCl (7.99 mL. 0.063 mol. 4.00 equiv) were reacted according to reduction

protocolB,toafford2.93gof8asacoloiJc8soil(84%)aftercolumnchromaiography.

2-(3'-nltrophenylmethyl)thlophene (8): IR(film) 3070. 2920. 1330. 1350, 805. 700 cm-1; NM^^ (300

MHz. CDCI3) 8: 8.06 (m, 2H). 7.55 (m 2H), 7.46 (appar t. IH), 7.17 (appar dd. IH) 6.95 (m. IH
.
6.82 (m.

IH) 4 26 (s. IH): 13c NMR (75 MHz . CDCI3) 5: 148.3, 142.3. 141.7, 134.6, 129-3, 127.0, 125.8. 124.6.
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123.3, 121.6, 35.4; MS (a, NH3) 237 (M+NH4+). 254 (M+NH3+NH4+). Anal Calc'd for Ci,H9N02S: C.

60.26; H. 4.14; N 6.39: S. 14.62. FoundC 60.24;a 4.14; N 6.26; S. 14.68.

2.(pheiiyliiiethyl)faran (ll):*'* An CH3CN solution of crude alcohol 10" (5.20 g. 90% pure. 0.027 mol, 1.00

equiv, prepared according to general protocol A) was added over 1 hr to a 10 *C CH3CN solution of TMSI

prepared from Nal (24.21 0.161 mol, 6.00 equiv), and TMSCI (17.51 g. 20.5 inL. 0.161 mol, 6.00 equlv)

according to protocol B to afford 5.62 g of crude 11. Purification by column chromatography afforded 3.35 g

of pure 11 a$ a colorless oU (79%). If fewer than 6 equiv of TMSl are used, dlmer 51 is formed as well.

Caution: 11 and 51 are acid sensitive.

Dimer 51: IR(filni) 3086. 3062, 3028. 2923. 1602, 1558. 1496. 1454. 1228, 1013 cm'h NMR (300 MHz,

acetone-de) 6: 7.44 (dd, *J=1.1, 3J =2.8 Hi, IH), 7.15-7.32 (m. lOH), 6.33 (dd, 3j=1.6. 3J='3.6 Hz, IH), 6.05

(m. IH). 5.98 (m, IH), 5.95 (m. IH). 5.48 (5. IH), 3.95 (s. 2H); NMR (75 MHz, acetOne-dg) 8: 155.8,

155 2 1544. 143.0. 14J.1. 139.6, 129.7. 129.3. 129.4, 128.0. 127.4, 111.4. 109.2. 108.4. 108.0,45.9. 35.0;

MS (1X3, NH3) 157 (M+2), 314 (M*). 332 (M+NH4*); MS (EI) 314. 281. 237. 223, 207(100). 191. Anal

Calc'd for C22Hi«02: C. 84.05 H, 5.77. Found C. 83.89; H 5.8^

3.(phenylmetbyl)fHran (13):3'» An CH3CN solution of purified alcohol 12 (10.00 g, 0.057 mol, 1.00 equiv.

prepared according to general protocol A) was added ever 30 min to a 10 »C CH3CN soluUon of TMSI

prepared from Nal (51.62 g. 0,344 mol. 6.00 equiv), and TMSCI (37.37 g. 43.7 mL. 0.344 mol. 6.00 equiv)

according to protocol B to afford 7.45 g of 13 as a pale yeUow viscous oil. Purification by colunm

chromatography afforded 5.27 g of pure 13 as a low meWng solid/oil (58%). If fewer than 6 equiv ofTMSI or

more rapid additions arc used, dimer 52 is formed as weU and may be separated by tedious chromatography

using 5% ethyl acetate In hexane as eluent Caution: 13 and 52 are acid sensitive.

Dimer 52: IR(film) 3080. 3050, 3020, 2910. 1600. 1495. 1175. 102O, 875. 730, 695, 600 cm'l; IH NMR

(300 MHz, DMS0^6) & 7-59 (appar t. IH), 7.49 (d. 3j=2.1Hz. IH), 7.37 (m. IH), 7.13 - 7.30 (m. lOH). 6.33

(ra, appar d, IH), 6.24 (d. 3j=2.lHz, IH). 5.56 (s. IH). 3.78 (s, 2H); t^c NMR (75 MHz .
CDQs) 5: 150,7,

143.0, 141.6. 141.1. 140.4. 128.5, 128.4. 128.2, 126.7, 126.5. 126.1. 119.1. 125.8, 112.2, 111.1, 39.7, 31.0;

MS (DO, NH3) 315 (M+H*), 332 (M+NH4*); MS (H) 314 (100. M*). 285. 252, 236, 207(100). 178; Anal

Calc'd for C22H18O2: C, 84.05 H, 5.77. Found C, 83.67;H 5.79.

Alcohol 23:35 2-Iodonapthalene (25.00 g. 0.0984 mol. 1.00 equiv) and 3-methoxybenzaldehyde (12.76 g.

1 1.4 mL. 0.0936 mol, 0.95 equiv) were reacted according to general protocol A to afford 26.30 g of crude 23

as a viscous yellow oil, from which 12.36 g (50%) of pure 23 crystallized as colorless needles which were

collected and washed with cold heptane. The mother liquor contained the corresponding ketone.^* some 2,2'-

binapftalene and traces of product. Caution: The solid alcohol is an irritant!

Alcohol 23: IR(CDCl3) 3600-3000 (br). 1595, 1483. 1258. 1039. 782 cm-l; iH NMR (300 MHz. CDCI3) 5:

7.98 (m. IH), 7.82 (m, IH), 7.63 (m. IH). 7.53 (m. IH). 7.40 (m. 3H). 7.19 (m. 1 H). 6.95 (m. IH). 6.92 (tn,

IH). 6.75 (m. IH). 6.40 (s, IH), 3.68 (s, 3H). 2.56 ( br s, IH); l^c NMR (75 MHl .
CDCI3) 8: 159.6. 144.8,

138.7. 133.9. 130.7, 129.4. 128.7. 128.4, 126.0. 125.5, 125.2. 124.6, 123.9. 119.4. 112.9, 112.7. 73.4. 55.1;

MS (DCI. NH3) 247 (M+-OH). 264 (M+). 282 (M+NHa*); MS (EI) 264. 231. 215. 155. 135.
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Blarylmethane 24: Purifed alcohol 23 (8.20 g. 0-031 md. 1.00 equiv) was reacted with TMSI prepared from

Nal (13.96 g, 0.093 mol. 3.00 equlv) and TMSCl (10.09 g. 11.83 mL. 0.093 mol. 3.00 equiv) according to

general protocol B to afford 7.10 g of crude 24 (> 90% pure) as a pale red oil. The crude blarylmcthane was

purified by column chromatography to afford 6.32 g of 24 as a colorless oU (82%).

Biarylmethane 24: IR(nim) 3042, 3000. 2960. 2940, 2835. 1605. 1599. 1580, 1490. 1263. 782 cm-i; »H

NMR (300 MHz, 0)03) 5: 7.98 (m. IH). 7.82 (m, IH), 7.73 (m. IH). 7.42 (m. 3H). 7.34 (m. IH). 7.15 (m.

IH). 6.75 («, 3H), 4.40 (s. 2H). 3.75 (s. 3H): I3C NMR (75 MHz , CDdi) 8; .
159.7, 142.3, 136.4, 133.9

132 1 129.3. 128.6. 127.3, 127.1. 125.9. 125.5. 124.2, 121.2, 114.7, 111.2. 55.0. 39.0; MS (Q, NH3) 249

(M+H*). 266 (M+NH4*). 283 (M+NH4+NH3*); MS (EI) 248, 233. 217, 202. 141. Anal Calc'd for CigHifiO:

C, 87.06; H, 6.49; 0. 6.49- Found C, 86.84; H 6-45; 0, 6.71.

4-Fluoroben2yl Iodide (32); A 250-mL. S-necked. Kmnd-bottomed flask equipped with a nitrogen inlet

adapter a 100-mL pressure equalizing addition funnel and magnetic stirring was charged with Nal (35.91 g.

0 24 mol. 5.55 equlv). TMSCl (26.12 g. 30.5 mL. 0.24 mol. 5.55 equiv) and 30 mL of CH3CN. After 15 m,n

at rt the reaction mixture was cooled to 0 'C. A solution of 4-fluorobenzyl alcohol (31) (5.50 g, 4.37 mL,

0 04 mol. 1.00 equiv) In 20 mL of CH3CN was added dropwise over 10 min and the crude reactton mixture

aUowed to warm to rt over 1 h prior to workup. The reaction mixture wa, added to a separaiory fuanel

containing 500 mL of water and 200 mL of hexane. After shaking briefly, 50 mL of ethyl acetate was added

and the organic layer separated and washed with 150 mL saturated K2CO3. 150 mL half-saturated Na^SaOa.

50 mL of brine, dried over MgS04, filtered and evaporated to afford 10.03 g (97%) of 32 as a deep yellow

solid. (Caution: 4.fluorobenzyl iodide 32 is a strong lachrymator and exposure to the low-melimg sobd

causes tearing and shortness of breath.) The crude iodide may be lecrysiallized from acetone and is stable

rJdidHr^f 27-28 "C ; lR(fUm) 3054, 2987. 1510, 1422. 1274 cm'!; MMR (300 MHz. CDCI3) 5:

7.25 (m. 2H), 6.89 (m. 2H). 4.34 (s. 2H); 13c NMR (75 MHz .
CDCI3) 5: 161.9 (UcF=248Hz), 135.0

(4JCF=3Hz), 130.3 (3JcF=9Hz).U5.6(2JcF=21Hz), 4.7: MS(DaNH3) 236 (M^); MS (ED 236, 127. 109-

Wodcl-phenylpropane (41): Alcohol 41 (20 g, 0.147 mol) was treated with ™SI (6 equiv, prepared from

Nal and TMSO) according to the procedure described by Sakai and coworicers^W-^ to afford Iodide 42 (30.03

g) as a dark red oil (83% crude yield. > 95% pure by GQ. Flash chromatography afforded pure iodide 42

(19 23 g 53% yield). Caotion: Iodide 42 is lachrymatory and prone to violent decomposition.

Modo-i-phenylpropane (42); IR(fdm) 3070. 2960, 2925. 2875. 1495. 1450. 1125. 755. 690. 555 cm-1; IH

NMR (300 MHZ, CDCI3) 8: 7.38 (m. 2H). 7.25 (m, 3H). 5.05 (appar t. 3j=7JHz. IH), 2.35 (m. IH). 2.(^5
(.n.

appar sept. IH), 0.96 (appar t, 3j=75Hz, 3H): l^C NMR (75 MHz . CDOj) 8: 143.8, 128.5, 127.5. 127.0,

36.5. 34.5. 14J; MS (DQ. NH3): 246 (M*). 217 (M+^jHs), 119 (M*-I); Anal Calc'd for CgUn^ 43.93; H.

4.51. FoundC 43.61; H4il.

2.2.din,ethyl-l.pbenyU-lodopropane (44): A solution of alcohol 43 (10.00 g. 0.061
«^<^^^J^ '^J>^

hexane was added to a rt solution of TMSI. prepared from Nal (54.9 g. 0.366 mol. 6 equiv), TMSO (39.8 g.
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0 366 mol, 6 equiv). and CH3CN (39.8 fi. 0-366 mol. 6 equiv). and allowed to slir for 18 to. At this point,

thin-layer chromatography and GOMS examination revealed the reaction to be complete with no residual

unnsacted starting material 43. To the crude reaction mixture was added 100 mL of diethyl ether and the

reaction mixture allowed to stir for 10 min prior to the addition of 50 mL of water followed by an additional

stirring period of 15 min. Tbc aqueous layer was separated and extracted with 100 mL of diethyl ether and the

combined organic layers washed with 20O mL of safd Na2S203 and 200 mL of sat'd Brine solution, dried

over MgS04 filtered and evaporated ta vacuo to afford the crude product as a mixture of iodide 44 and

alcohol 43 as a hydrolysis by-product. Column chromatography afforded 5-50 g of alcohol 43 (55%) and 6.40

g of iodide 44 as a colorless oil (38% yield). Based on hydrolysis as the only source of 43. the combined yield

is 93%. . ,

2^-dimethyl.l-phenyM-iodopropane (44): IR(KBr) 2950. 1450. 1365, 1125, 725. 700. 605 cra'i;

NMR (300 MHz, CDO3) 8: 7.38 (m. appar dd, 2H), 7.22 (m. 3H). 5.03 (s, IH). 1.10 (s, 9H); 13c NMR (75

MHz , CDCI3) 5: 142.1, 129Ji, 127.9. 127.7. 52.5. 37.0. 28.5; MS (EI) 274 (M*), 217 (M+-C4H9>, J47 (M+-

D;Anal(iUc'dforCuHi5l:48.19;H,5J2. Fbund C. 48.53; H 5J9.

Ethyl ether (50): A solution of purified thienyl alcohol 2 (5.00 g, 0-024 mol. l-OO equiv) io 6.0 mL of

absolute ethanol wa$ treated with a single drop of cone. H2SO4 and allowed to stir at it foe 36 h. The crude

reaction mixture was partitioned between 100 mL of ethyl acetate and 50 mL of 10% NaOH solution. Tht

organic layer was separated and washed once with 30 mL of brine, dried over MgS04, filtered and evaporated

in vacuo to afford 5-31 g (94%) of ether 50 as a colorless oil (>95% pure by GC).

Ether 50s IR(film) 2980. 2885. 1600. 1505, 1225. 1081 cm-1; iH NMR (300 MH2. CDCI3) S: 7.42 (m.

2H). 7.38 (m, IH), 7.05 (appar i, 2H). 6.95 (appar dd. IH). 6-83 (m. IH), 5.58 (s, IH). 3-55 (ABX3. 2H), 1-30

(appar t 3j=7Hz, 3H); 13C NMR (75 MHz . 0X13) 8: 162.3 (>JcF=245Hz). 146.6. 137.7 (4JcF=2Hz). 128.5

(3JCF=9HZ). 126.4, 125.4, 125.1, 115.2 («JcF=22Hz). 78.8, 64.6, 15.2; MS (DQ. NH3) 236 (M*); MS (El)

236, TffJ, 191, 146, 123. Anal Calcd for C13H13FOS; C. 66.08; H, 5-55. FoundC 66-42; H 5.57.
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